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Astrophyslcal  and  Plasma  Physics  Research  at  the  National 
Bureau  of  Standards  -  Highlights  for  1961 


Abstract:   Highlights  of  astrophyslcal  and  plasma  physics 
research  at  the  National  Bureau  of  Standards  are  given  for 
the  period  of  July  I960  through  June  I96I.   Included  as 
appendices  are  a  selected  list  of  papers  published  by  NBS 
participants  during  the  period  1955"1960  and  a  partial  list 
of  Bureau  participants.   The  technical  objectives  of  the 
program  can  be  found  In  NBS  Technical  Note  59. 


].   INTRODUCTION 

This  is  the  second  report  on  astrophyslcal  and  plasma  physics 
research  at  the  National  Bureau  of  Standards.   The  first  report,  which 
has  been  published  as  NBS  Technical  Note  59^  July  I960,  contained  a 
detailed  discussion  of  the  background  of  this  program  and  of  the  pro- 
gram areas.   Since  the  worl<  to  be  reported  on  here  Is  one  of  growth 
and  implementation,  rather  than  of  change  of  direction  or  emphasis,  it 
was  felt  that  it  could  be  published  as  a  short  progress  report  without 
the  detailed  discussion  of  scientific  and  technical  objectives  presented 
in  NBS  Technical  Note  59.   This  report  is  consequently  limited  to: 
(1)  a  write-up  of  various  new  and/or  continuing  projects  within  the 
program  area,  (2)  a  bibliography  of  selected  papers  published  by  NBS 
authors  during  the  past  few  years,  and  (3)  a  partial  biographical  list 
of  scientists  engaged  in  research  within  the  area  of  the  astrophyslcal 
and  plasma  physics  program.   The  work  described  In  this  report  is 
supported  jointly  by  the  National  Bureau  of  Standards  and  various  con- 
tract offices  of  the  Department  of  Defense. 


2.   PROGRAM  HIGHLIGHTS  (JULY  '60  thru  JUNE  '61) 

2.1.  Atomic  Spectra 

At  the  Washington  Laboratories^  work  has  centered  on  the  observa- 
tion, description)  and  analysis  of  atomic  spectra,  with  special  atten- 
tion to  selected  spectra  of  the  rare-earth  elements  In  the  lanthanide 
group.  Observation  of  these  spectra  with  suitable  sources  Is  urgently 
needed  to  secure  the  data  for  Volume  IV  of  "Atomic  Energy  Levels". 

The  spectra  of  Ce  1 1  and  Ce  1  have  been  observed  from  4800A  to 
3900A,  with  an  a"  c  arc,  a  hollow  cathode  and  an  electrodeless  lamp  as 
sources.   Measurements  have  been  completed  in  this  range.   These  sources 
have  provided  the  most  complete  cerium  spectra  ever  obtained. 

The  spectra  of  Pr  11  and  Pr  1  have  been  observed  and  measured 
from  2600A  to  9000A.   Preliminary  observations  In  the  range  2200A  to 
26OOA  have  been  made,  and  Zeeman  patterns  have  been  measured  from  3500A 
to  7OOOA.   More  than  I5OO  lines  have  been  classified  in  Pr  111,  in 
collaboration  with  Oleke  and  his  staff  at  Johns  Hopkins.   The  regular- 
ities include  terms  and  levels  from  three  configurations.   Theoretical 
work  on  Pr  111  has  been  of  great  assistance  in  the  interpretation  of 
known  levels  and  in  predictions  of  the  positions  of  missing  levels. 

Some  80  classified  lines  are  known  In  Dy  11,  but  further  observa- 
tions are  needed  to  extend  this  work.  The  analysis  of  Yb  1 1  is  nearly 
finished.  In  Yb  1  there  are  about  2000  observed  lines,  70  new  levels, 
and  approximately  300  classified  lines. 

The  analysis  of  Br  1  is  essentially  complete.   Practically  all  of 
the  1300  lines  observed  In  the  range  from  2000A  to  I3OOOA,  are  classi- 
fied. All  leading  configurations  are  known,  and  extended  series  have 
been  observed.   In  Br  11  Improved  values  of  previously  known  energy 
levels  have  been  reported,  together  with  observed  magnetic  dipole 
transitions  in  the  kp^   ground  configuration. 

The  analysis  of  Hf  1  Is  nearing  completion.  There  are  new  energy 
levels  and  a  revised  interpretation  is  in  progress. 

The  analysis  of  Ta' 1 1  has  been  completed  from  observations  in  the 
interval  2000A  to  7813A,  including  extensive  Zeeman  data.   The  leading 
configurations  are  known  and  1 89O  lines  are  classified.   Here  again 
theoretical  investigations  have  been  of  great  assistance  in  the  inter- 
pretation of  the  spectrum. 

More  general  theoretical  work  has  also  been  carried  out  on  the 
parameters  a  and  3   in  the  spectra  of  the  Iron  Group. 
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2.2.   Spectroscopic  Tables 

The  NBS  tables  of  spectral-line  intensities  are  in  press.   The 
temperature  and  ionization  in  the  copper  arc  used  as  the  light  source 
have  been  determined.   Work  is  in  progress  on  the  calculation  of  qf- 
values  from  the  intensities. 

Section  3  of  NBS  Circular  488,  "An  ultraviolet  multiplet  table" 
has  been  completed.   This  circular  will  be  concluded  with  two  finding 
lists,  which  are  also  in  press.   Section  k   is  the  finding  list  for 
Sections  1  and  2  of  the  multiplet  table,  hydrogen  through  niobium 
(Z  «  1  to  41).   Section  5  is  similarly  arranged  and  is  the  finding  list 
for  Section  3  of  the  multiplet  table,  molybdenum  through  lanthanum 
(Z  =  42  to  57)  and  hafnium  through  actinium  (Z  =  72  to  89). 

Press  copy  is  being  prepared  for  the  current  revision  of  the  1928 
edition  of  the  solar  spectrum  table.   The  measured  solar  equivalent 
widths  furnished  by  Mlnnaert  and  his  staff  extend  fr<m   X3061A  to  Jt|3770A, 
and  have  been  completed. 

2.3.   Collision  Cross  Sections 

The  Bureau  program  of  measurement  and  calculation  of  low  energy 
collision  cross  sections  has  continued,  with  efforts  concentrated  on 
apparatus  construction  and  refinement  of  Instrumentation.   Special 
emphasis  Is  being  given  to  the  development  of  sources  of  low  energy 
mono-energetic  beams  for  use  in  measur^nent  of  elastic  and  inelastic 
col  1 1  si  on  cross  sections. 

Theoretical  studies  of  the  use  of  refined  vrave  functions  in  the 
calculation  of  electron  scattering  and  photodetachment  are   continuing. 
Several  high  vacuum  Instruments  for  measuring  electron  col  1  I slon  cross 
sections  are  essentially  completed. 

The  photodetachment  of  electrons  from  carbon  negative  ions  has 
been  observed  and  studied.   Careful  measurements  for  detachment  near 
threshold  for  the  process  lead  to  a  value  for  the  electron  affinity  of 
carbon  of  1.25  ±   .03  ev  (28.6  ki localories) .   Values  for  upper  limits 
for  the  photodetachment  cross  sections  of  several  of  the  Important 
atmospheric  negative  ions  have  been  determined  at  4000A  wavelength. 

High  precision  studies  of  the  dependence  of  drift  velocities  of 
argon  ions  in  the  parent  gas  on  the  electric  field  have  been  completed. 
The  results  raise  doubts  about  the  validity  of  current  theories  de- 
scribing the  motions  of  charged  particles  in  gases. 
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A  data  center  has  been  established  to  gather  and  index  all  pub- 
lished information  on  collision  cross  sections.   A  complete  file  of 
reprints  of  papers  on  low  energy  electron  cross  sections  has  been 
collected.   A  code  has  been  worked  out  to  place  the  large  number  (over 
800)  of  references  on  punch  cards.   The  data  collection  wi 1 1  be  kept  up 
to  date  and  will  be  extended  to  cover  other  atomic  cross  sections  as 
manpower  allows. 

2.4.   Photo Ionization 

A  study  has  been  made  of  the  oscillator  strength  distribution  of 
rare  gas  atoms  In  the  ground  states.   Emphasis  on  this  study  has  been 
on  the  overall  spectral  distribution,  and  the  study  thus  Includes  both 
photolonlzatlon  cross  sections  and  transition  probabilities.   Numerical 
calculations  of  the  oscillator  strength  distribution  indicate  that  the 
neutral  atoms  or  positive  Ions  can  be  grouped  Into  two  classes,  depend- 
ing on  whether  or  not  the  wave  function  of  the  outer  electron  Is  nodeless. 

The  effects  of  configuration  Interaction  In  continuous  spectra 
have  been  Investigated,  and  refinements  and  extensions  made  to  an 
earlier  theory.   The  new  theory  treats  the  Interaction  of  one  or  more 
discrete  levels  with  one  continuum  or  of  one  level  with  the  contlnua. 

These  considerations  are  useful  In  obtaining  line  widths  from  the 
resonance  peaks  observed  experimentally,  which  correspond  to  states 
which  undergo  autoionlzatlon.   Surprisingly,  It  appears  that  line  widths 
can  be  obtained  with  fair  accuracy  even  for  lines  whose  widths  are  an 
order  of  magnitude  less  than  the  experimental  resolution  of  the  apparatus. 

2.5.   Transi tlon  Probabl 1  I  ties 

A  data  center  has  been  established  to  gather  and  index  all  pub- 
lished Information  on  atomic  transition  probabilities.   An  exhaustive 
survey  has  been  made  of  the  literature,  and  a  primary  reference  file 
of  approximately  6OO  references  has  been  catalogued.   Vtork  is  now  In 
progress  to  prepare  selected  bibliographies  and  tables  of  available 
data. 

A  wal 1-stabl 1  I  zed  high  current  arc  source  has  been  constructed, 
and  has  been  used  to  study  transition  probabilities  of  atomic  hydrogen 
and  oxygen.   This  apparatus  will  be  used  to  measure  transition  prob- 
abilities of  a  large  number  of  the  elements.   A  study  of  the  hydrogen 
line  profiles  indicates  that  a  measuronent  of  these  profiles  can  be 
used  to  calculate  a  temperature  for  the  arc  plasma  tnat  Is  reliable  to 
about  ±  2  percent. 
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A  set  of  tables  containing  spectral  Intensities  for  39^000  lines 
of  70  elanents^  as  observed  In  a  copper  matrix  In  a  d.c.  arc  has  also 
been  completed  and  published.   Studies  of  the  intensity  data  published 
in  these  tables  indicate  that  they  may  be  converted  to  approximate 
transition  probabilities.   These  data  are  not  of  the  precision  obtain*- 
able  by  the  methods  mentioned  above^  but  the  vast  number  of  approximate 
values  available  will  be  useful  in  many  areas. 

2.6.  Molecular  Spectroscopy 

Molecular  spectroscopic  studies  have  concentrated  on  free  radicals 
and  molecular  fragments  containing  fluorine.   The  slwrt-lived  molecule 
CF-,  which  is  an  important  Intermediate  In  flames  and  electric  dis- 
charges involving  fluorine,  was  studied  by  flash  photolysis  and  matrix 
isolation  techniques.   In  the  former  method  the  ultraviolet  absorption 
spectrum  was  recorded  during  the  very  small  fraction  of  a  second  In 
which  the  molecule  exists;  In  the  latter  the  CF2  molecules  were  sta- 
bilized by  isolating  them  in  an  inert  matrix  at  a  very  low  t^nperature. 
Related  studies  were  carried  out  on  the  emission  spectrum  of  CF  from 
flames  and  discharges.   Finally,  an  intensive  Investigation  of  the 
recently-discovered  radical  HFj   was  begun.   The  measurement  and  analysis 
of  the  Infrared  spectrum  of  NF2  permitted  the  structure  and  vibrational 
frequencies  of  this  interesting  free  radical  to  be  established. 

2.7.   Vacuum  Ul travlol et  Photocheml stry 

Following  the  observation  here  in  I960  that  ethane  molecules  lose 
molecular  hydrogen  when  subjected  to  far  ultraviolet  light,  work  has 
been  continued  on  the  photolysis  of  other  simple  molecules.   Ethylene 
was  found  to  decompose  by  a  similar  process,  and  experiments  on  the 
gairena  radlolysls  of  ethylene  showed  that  molecular  detachment  of  hydro- 
gen also  occurs  under  the  action  of  gamma  rays.   Such  experiments  give 
valuable  insight  Into  the  detailed  processes  Induced  by  high  energy 
radiation  and  information  on  the  origin  of  radiation  damage.   The 
formation  of  molecular  hydrogen  by  the  action  of  far  ultraviolet  radia- 
tion on  water  vapor  has  also  been  observed;  this  may  account  for  the 
presence  of  hydrogen  molecules  In  the  upper  atmosphere. 

In  another  investigation,  excited  hydrogen  atoms,  which  must  be 
present  in  the  upper  atmosphere,  have  been  produced  in  the  laboratory 
In  sufficient  concentrations  for  the  study  of  their  reactions.   They 
are  extremely  active  chemically;  for  example,  they  react  rapidly  with 
nitrogen  molecules  to  form  ammonia,  and  may  produce  small  amounts  of 
this  gas  at  very  high  altitudes. 
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2.8.      Transport  Properties  of  Air 

A  six-year   study  of   tlie   transport  properties  of  air  at  elevated 
temperatures  lias  been  completed.      A  significant  effect  discovered  during 
the  study   is   tlie  existence  of  Prandtl    numbers   reaching  values  of  more 
than  unity   in   the  nitrogen  dissociation   region.     Another  effect  dis- 
covered  is   the  large  coefficient  of   thermal    diffusion   tending   to  sep- 
arate nitrogen   from  the  oxygen  when   temperature  differences   straddling 
the  nitrogen  dissociation   region  are  present.      The   results  of   the  study, 
based  on   collision    integrals   computed   from   the   latest   critically  evalu- 
ated data  on   I ntermol ecular   forces    in  air,    will    be   reported    in   the  form 
of  a   table  of  viscosity,    thermal    conductivity,    thermal    diffusion,    and 
diffusion  coefficients  at   temperatures  of   1000   to  10,000°K  and  of 
logarithm  of  pressure   in  atmospheres   from   10"°   to   103    times   normal    density, 

2.9.      Statistical    Miechanics  of  Plasmas 

During   the  past  year,    a   study  of  plasma  oscillations  under  various 
conditions  was  undertaken.      A  particular  point    investigated  was   the 
fact   that  a    local    total    excess  of   charge   is   not   conserved  but  oscillates 
in  magnitude  and   sign  with   the  plasma   frequency.      Investigations  were 
carried  out  also  on   the  plasma   transport  equation,    in  particular,    on 
the  combined   effect  of    long  and   short   range   forces. 

2.10.      Statistical    Thermodynamics  of    Ionized  Gases 

Types  of   constituents  of  high    temperature  gases   for  which    intrinsic 
properties  have  been  considered    include  diatomic  molecules,    atoms  and 
atomic   ions.      For  diatomic  molecules,    various  alternative  approaches   to 
the  partition   function  have  been   studied.      These   Include  not  only   the 
cluster    integral    or   second   virial    approach,    but  also   the  more  customary 
state   sum,    with  a   detailed   study  of  placement  of  high   energy   levels 
including   rotational-vibratlonal    interaction  effects,    and  a    theoretical 
form  of   contributions  up    to   the  cut-off    in   the  dissociation   region.      To 
elucidate   the  cut-off  problem   for  atoms  and  atomic    ions,    the  classical 
distribution  of   states    in  a   Debye-screened   hydrogen! c   system  has  been 
obtained.      A  definite  number   of   states    Is    thus   found    to  which   the 
quantized  atom   should  also  conform  according   to   the  correspondence 
principle.      The  classical    distribution  of   states    in   the  continuum  has 
been  examined  also  and    is   found.    In   the   leading   term  of    its   expression, 
to  correspond   to   the   source  of   the  Debye-Huckel    screening  according   to 
the  original    Poisson  equation   derivation. 
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An  extensive  study  of  real  gas  corrections  in  ionic  systems  has 
been  made  using  a  pair  potential  function  involving  the  1/R  Coulomb 
repulsion  between  positive  Ions,  the  1/R^  induction  energy  due  to  d I  pole 
polarizabi 1  I ty  near  ions,  the  l/R^  Instantaneous  dipole-dipole  effects 
(London  forces)  plus  the  quadrupole  induction  energy,  and  a  close 
approach  repulsion  potential  taken  as  1/r'2.   An  analytic  expression 
for  the  second  virial  for  poly-term  extensions  of  the  Lennard- Jones 
potential  has  also  been  obtained.   This  has  been  used  for  some  of  the 
second  virial  calculations  which  have  been  made. 

2.11.   Plasma  Properties 

Calculations  of  partition  functions  for  atoms  and  atomic  Ions  have 
been  formulated  preparatory  to  the  computation  of  thermodynamic  prop- 
erties of  metals  suitable  for  exploding  wire  studies.   The  structure 
of  the  plasma  shock  has  been  investigated.   In  particular,  the  solutions 
of  the  Vlasov  equation  for  large  amplitude  col  1  I slonless  disturbances 
have  been  investigated  in  an  attempt  to  understand  the  part  of  the 
shock  phenomena  which  takes  place  on  the  scale  of  the  Debye  length 
rather  than  the  mean  free  path. 

2.12.   Plasma  Thermometry 

Temperature  and  composition  profiles  have  been  obtained  as  a 
function  of  radius  for  high  current,  atmospheric  pressure,  electric 
arcs  burning  In  a  specially  designed  wal 1-stabi 1 ized  or  cascade  arc 
chamber.   Gas  mixtures  of  hydrogen  with  oxygen,  nitrogen,  and  argon 
were  used  yielding  transition  probabilities  for  several  spectral  lines 
of  these  elements  as  well  as  experimental  evidence  for  the  demixing 
or  separation  of  the  elements  of  these  mixtures  due  to  the  t«nperature 
gradients  present.   The  experimental  results  also  suggest  departures 
from  local  thermodynamic  equilibrium  in  the  outer  parts  of  the  arc 
discharge. 

A  study  of  helium  arcs  at  currents  up  to  100  amperes  has  revealed 
extensive  and  unexpected  departures  from  equilibrium  everywhere  In  the 
arc.  It  is  anticipated  that  equilibrium  conditions  will  prevail  at 
the  higher  electron  densities  attainable  at  higher  currents.  However, 
to  reach  higher  currents  a  new  arc  chamber  with  Improved  cooling  Is 
required.  Such  a  device  has  been  designed,  partially  constructed,  and 
tested  at  300  amperes. 

A  transistorized  current  controller  was  designed  for  300  amperes 
and  has  been  used  for  manual  fine  current  control  at  arc  currents  up  to 
100  amperes.   This  will  now  be  incorporated  in  a  fully  automatic  current 
regulator  using  an  error  signal  feed-back  for  control. 
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A  number  of  Improvements  have  been  made  in  a  3000°C  graphite  tube 
furnace  biackbody  to  Improve  Its  economy,  reliability,  and  convenience 
as  a  radiation  standard  for  use  In  connection  with  the  arc  spectroscopic 
measurement. 

Theoretical  work  has  been  carried  out  in  three  areas.   First,  the 
applicability  and  form  of  the  Saha  equation  was  investigated  with  a 
view  to  Improving  the  accuracy  of  the  temperature  determinations.   In 
particular,  a  calculation  was  begun  on  the  correct  value  of  the  ioniza- 
tion potential  to  be  Incorporated  In  the  partition  function.   Second, 
a  study  of  the  demlxing  effect  was  begun  and  a  detailed  calculation  of 
the  trace  element  case  was  completed.   Third,  a  critical  study  of  the 
applicability  of  many-body  statistical  mechanics  and  field  theory  to 
a  partially  ionized  plasma  was  undertaken. 

2.13.   Plasma  Thermodynamics 

An  electromagnetic  shock  tube  has  been  assembled  and  tried  out. 
Several  small  changes  were  made  to  Improve  Its  performance.   An  attach- 
ment was  designed  and  built  for  a  glass  three-prism  Steinhell  spectro- 
graph which  allows  simultaneous  photoelectric  recording  of  the 
intensities  at  two  separate  wavelengths.   Shock  velocities  of  one  to 
three  centimeters  per  microsecond  were  measured  with  the  framing 
camera.   Time  Integrated  spectra  taken  with  the  three  prism  spectro- 
graph showed  an  electron  density  of  IOI6  per  cm3  In  order  of  magnitude 
and  many  Impurities  from  the  electrodes  and  the  tube.   The  preliminary 
measurements  Indicate  that  the  temperature  achieved  Is  of  the  order  of 
30,OOOOK. 

A  steady  state  plasma  facility  based  on  the  magnetically  confined 
low  pressure  gas  arc  was  designed.   Construction  of  this  facility  Is 
well  advanced,  and  It  is  expected  to  be  In  operation  In  late  1961. 
The  facility  will  consist  of  a  reasonably  high  speed  kinetic  vacuum 
system  and  a  vacuum  chamber  within  which  arcs  as  well  as  cylindrical 
plasma  rods  up  to  about  60  cm  long  can  be  operated  In  a  magnetic  field 
up  to  5000  gauss  which  Is  uniform  over  the  arc  length  to  ±  3  percent. 

2.14.   Radiation  Produced  from  a  Plasma 

Plasmas  produced  by  a  high  velocity  Shockwave  travelling  at  speeds 
In  excess  of  Mach  100  in  helium  have  been  studied  In  the  laboratory  In 
the  presence  of  a  transverse  magnetic  field.   Radio  frequency  radiations 
resulting  from  the  hydromagnetic  Interaction  between  the  Shockwave  and 
the  magnetic  field  have  been  observed.   This  creation  in  the  laboratory 
of  electromagnetic  radiation  from  pl£:..nas  is  a  major  step  towards  dup- 
licating under  controlled  conditions  electromagnetic  processes  which 
occur  In  the  upper  atmosphere.   An  additional  important  advance  has  been 
the  development  of  a  high-speed  camera,  capable  of  operating  at  a  framing 
rate  In  excess  of  one  hundred  million  frames  per  second  and  designed  to 
study  the  luminous  phenomena  In  the  Shockwaves. 
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2.15.   Plasma  Rate  Coefficients 

A  detailed  theoretical  analysis  of  the  problem  of  the  interaction 
of  the  electromagnetic  fields  in  a  helix  with  a  plasma  has  been  con- 
tinued.  Although  construction  of  a  suitable  plasma  discharge  tube 
incorporating  helix  structure  has  not  been  completed,  further  familiar- 
ization was  developed  with  high  speed  pulse  techniques. 

2.16.   Gas-solid  Reactions  at  High  Temperature 

The  failure  of  metals  at  high  temperature  due  to  corrosive  attack 
of  hot  gases  is  often  a  limiting  factor  in  the  development  of  equipment 
to  be  used  at  high  temperatures.   The  reaction  between  chlorine  atoms 
and  a  polycrystal 1 i ne  surface  of  nickel  heated  to  temperatures  between 
1100  and  1600°K  has  been  extensively  investigated  and  relative  reactiv- 
ities of  different  crystal  planes  of  copper  and  nickel  crystals  towards 
halogens  are  now  being  determined.   Special  equipment  for  molecular- 
beam  research  was  developed  for  these  studies. 

2. 17-   Thermodynamic  Data 

Thermodynamic  properties  of  light  elements  are  essential  for 
evaluating  compounds  of  these  elements  as  high  energy  fuels.   "Best" 
values  for  the  heats  of  formations  of  a  variety  of  boron  compounds 
containing  hydrogen,  oxygen,  fluorine,  chlorine,  and  bromine  were 
selected  and  tables  of  thermodynamic  functions  for  selected  compounds 
have  been  prepared.   Codes  were  also  prepared  for  high-speed  digital 
computer  calculation  of  thermodynamic  functions  and  were  used  to  extend 
these  functions  to  6000°K  for  over  forty  compounds  in  the  boron-oxygen- 
hydrogen-halogen-nitrogen  system. 

2.18.   Thermodynamic  Properties  of  Light-Element  Compounds 

The  compounds  being  specially  investigated  are  those  of  lithium, 
beryllium,  aluminum,  and  zirconium  with  hydrogen,  oxygen,  fluorine,  and 
chlorine.   During  the  past  year  the  program  extended  its  emphasis  to 
include  compounds  of  "mixed"  type  (such  as  i ntermetal 1 i c  compounds, 
double  fluorides  of  two  metals,  and  oxyf 1 uor ides)  whose  use  may  lead  to 
substantial  gains  in  propulsion  efficiency.   A  series  of  measurements 
established  accurately  the  heats  of  formation  of  three  alkali -metal 
perchl orates  and  ammonium  perchlorate.   Measurements  on  nitronium 
perchl orate  are  underway.   Another  recent  achievement  was  the  successful 
development  of  a  method  for  the  complete  combustion  in  a  bomb  calorimeter 
of  a  metal,  in  fluorine  when  the  product  is  relatively  non-volatile.   This 
work  gave  a  heat  of  formation  of  aluminum  fluoride  which  closely  sub- 
stantiates a  value  which  had  been  determined  by  a  less  direct  method, 
and  raises  this  property  to  15  percent  above  that  accepted  a  few  years 
ago.   Similar  measurements  are  being  initiated  to  resolve  a  large  dis- 
crepancy in  the  heat  of  formation  of  beryllium  fluoride. 
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The  development  and  testing  of  new  apparatus  to  measure  other 
properties  Is  nearing  completion.   In  one  of  these,  an  explodi ng-wl re 
device  to  study  systems  thermodynaml cal ly  up  to  6000°K  and  100  atmos- 
phere pressure  was  achieved.   The  accuracy  of  measuring  the  total 
electrical  energy  entering  an  exploding  wire  during  a  few  microseconds 
was  verified  when  two  Independent  types  of  comparison  with  the,  heat 
energy  produced,  had  an  uncertainty  of  less  than  2  percent. 

2.19.   Laboratory  Measurements  of  Interstellar  Radio  Spectra 

Besides  the  well-known  hydrogen  line  at  21  cm  wavelength,  the 
spectra  of  extra-terrestrial  radio  sources  may  contain  sharp  lines 
characteristic  of  other  atoms,  ions,  and  small  molecules.   The  detection 
and  study  of  such  line  spectra  would  add  considerably  to  present  Infor- 
mation on  interstellar  gas  clouds  and,  perhaps,  planetary  atmospheres. 
Among  the  most  likely  producers  of  detectable  radio  line  spectra  are 
the  light  diatomic  hydrides  OH  and  CH;  somewhat  less  likely  sources 
are  the  heavier  hydrides  SH,  SiH,  and  ScH.   Very  small  concentrations 
of  these  hydrides  should  be  detectable;  in  interstellar  gas,  concen- 
trations as  low  as  10~°  molecule/cm'  may  be  sufficient,  as  compared  to 
the  10""2  hydrogen  atom/cm3  required  for  detection  of  the  21  cm  line. 

High  sensitivity  In  radio  telescopes  Is  achieved  by  reducing  the 
bandwidth  of  the  receiver;  therefore,  only  with  precise  foreknowledge 
of  the  line  frequencies  is  an  astronomical  search  for  the  radio  spectra 
of  these  molecules  feasible.   To  secure  precise  measurements  of  these 
frequencies,  a  research  program  In  free  radical  microwave  spectroscopy 
has  been  started..  Since  conventional  methods  are  insensitive  at  the 
low  frequencies  of  these  molecular  transitions,  the  paramagnetic  res- 
onance method  is  being  used  instead.   This  Involves  the  application  of 
a  strong  magnetic  field  to  the  radical  vapor,  which  shifts  the  low 
frequency  spectra  to  a  conveniently  high  microwave  range,  where  they 
may  be  measured  with  optimum  sensitivity. 

The  first  diatomic  hydride  investigated  by  the  paramagnetic  res- 
onance method  was  the  OH  radical.   Results  of  this  experiment  include 
the  frequencies  of  the  two  strong  spectral  lines  by  which  OH  may  be 
Identified  in  Interstellar  gas;  the  frequencies  are  1665.32  ±  0.10  Mc/s 
and  1667.36  ±  0.10  Mc/s.   Success  in  observing  these  spectral  lines  has 
so  far,  apparently,  been  confined  to  the  laboratory;  extra-terrestrial 
observations  have  yet  to  be  reported.   Preparations  are  being  made  for 
similar  experiments  on  CH  and  SH  radicals. 
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2.20.      Stel lar  Atmospheres 

The  program  of   research  on   the  physics  of   stellar  atmospheres 
continues  at   the  Boulder  Laboratories,    with  primary  emphasis  on   the 
stellar  atmosphere  as  a    laboratory   for    the  study  of  gaseous  physics 
under   conditions  not  easily   reproducible   terrestrially.      The   two 
principal    directions  of  current   interest   lie   in   the  study  of  non- 
equilibrium  thermodynamics    in   the  presence  of  a   radiation  field  and 
the  study  of  aerodynamic  motions  under   the  environment  characteristic 
of   stel lar  atmospheres. 

A  systematic   investigation   into   the  physical    state  of   solar 
prominences  and   the  physical    structure  of   solar   flares  has  been  con- 
tinued   in  collaboration  with   the   Sacramento  Peal<  Observatory. 

A  series  of   theoretical    investigations  of   the  rocl<et  UV  coronal 
lines  have  been   Initiated. 

2.21.      Studies  of   the   Interplanetary  Medium 

A  study  of   the   relation  of  solar   emission  of  medium-energy  par- 
ticles  to  other   types  of   solar  activity,    has   revealed   new  facts  about 
the   Interplanetary  medium.      First  suspected  as  a   typical    solar  event 
in   1956,    the  presence  of   these  solar  particles    in   the  earth's  atmos- 
phere has  been  detected  and   their  effects   studied  by  means  of  VHF 
forward-scatter   signals.      These  data  and  others,    measuring   the   ion- 
ospheric effects  of  the  solar  particles,    show  that  around    the  time  of 
maximum   solar   activity    the   solar   cosmic   ray  particles    take  much    longer 
to   reach   the  earth   from  the   sun   than   they  do  near  minimum  activity. 
Comparison  with   characteristics  of  solar   particles  of  higher  and    lower 
energies   show  that   these  medium-energy  particles  must  move   in   the   inter- 
planetary magnetic   field,    not  as   single  particles,    but  as  a   group. 
Consideration  of  directly-observed   energy  spectra  of   the  various   solar 
particles   show  that   this  behavior    is   to  be  expected   if   the   interplan- 
etary  field    is   regular  but  weal<  near   solar  minimum  activity,    but  con- 
tains   regions  where   the  magnetic  field    intensity    is    10"^  or    10~5   gauss 
near  maximum  of   the  solar  activity  cycle.      Linear  dimensions,    field 
strength,    and   frequency  of  occurrence  of   these   regions  of  enhanced 
magnetic   field,    estimated   from   the  behavior   of   the  solar  particles, 
are  found   to  be  consistent  with   the  hypothesis    that   the  clouds  are 
formed    through    the  action  of   clouds  of   low-energy  solar  particles. 
The  effect  of   these  outward-moving  magnetic   clouds  on   the  velocity  dis- 
tribution of   cosmic   rays  accounts   for   the  main   features  of   solar  modu- 
lation of   cosmic  rays. 
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GALLET,    R.   M. :      Certificates   In  philosophy,    physics,    and  mathematics. 
University  of   Sorbonne,    19^2-43;    theory  of   the  exosphere,    plasma  physics, 
radio  astronomy;    Upper  Atmosphere  and   Space  Physics  Division,    Chief, 
Upper  Atmosphere  and  Plasma  Physics   Section, 

GATES.    D.   M. :      Ph.D.,    Unl versi ty  of  Mi chigan,    19^8;    Infrared   spec- 
troscopy of  the  upper  atmosphere;    Director's  Office. 

JEFFERIES,    J.    T. :      Theory  of   stellar  atmospheres,    radiative  transfer, 
solar  physics;   Director's  Office,   Astrophysics   Section. 

LITTLE,    C.   G.:      Ph.D.,    University  of  Manchester,    1952;    Ionospheric 
physics,    radio-wave  propagation,    radio  astronomy,    auroral    ionosphere; 
Chief,    Upper  Atmosphere  and   Space  Physics  Division. 

MEGILL,    L.    R. :      Ph.D.,    Colorado  University,    1959;    upper  atmospheric 
physics,    physics  of   the  airglow,    atmospheric  spectroscopy,    artificial 
heating  of  electrons  and   inelastic  col  1  I  si  on  processes  with    Inert  gases; 
Upper  Atmosphere  and   Space  Physics  Division. 

POWERS,    R.    S. :      Ph.D.,    University  of  Wisconsin,    I960;    scattering   theory 
and   transport  properties  of  gases,    beam  plasma    Interaction;    Radio 
Standards  Laboratory,    Radio  Plasma   Group. 

RICHARDSON,    J.   M. :      Ph.D.,    Harvard  University,    1951;   microwave 
standards,    microwave  spectroscopy  of  O2  with  application   to  atonic 
frequency   standards,    millimeter  wave  measurements  and    I nterf erometry, 
plasma  physics  with   regard   to   the   interaction  of  microwave   radiation 
with  plasmas;    Chief,    Radio   Standards  Laboratory. 

ROACH,  F.  E. :  Ph.D.,  University  of  Chicago,  193^;  upper  atmosphere 
physics,  physics  of  the  airglow;  Upper  Atmosphere  and  Space  Physics 
Division,    Chief,    Airglow  and  Aurora   Section. 

RUNDLE,    H.    N. ;      Ph.D.,    University  of   Saskatchewan,    1958;    physics  of   the 
airglow  and  upper  atmosphere;    Director's  Office,    Physics  of   the  Atmos- 
phere Section, 
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THOMAS.    R.    N. ;      Ph.D.,    Harvard  University,    19^8;    theory  of  stellar 
atmospheres  and   radiation   transfer    in  hot  gases,    gas  dynamics; 
Consultant,   Director's  Office. 

VanZANDT,    T. :      Ph.D.,    Yale  University,    195^;    upper  atmosphere  theory, 
physics  of  the  F2  layer;    Ionosphere  Research  and  Propagation  Division, 
Sun-Earth  Relationships  Section. 

WACKER,  P.  F. :  Ph.D.,  Catholic  University,  195^;  microwave  spectro- 
scopy and  molecular   structure;    Consultant,    Radio   Standards  Laboratory, 

WARWICK.  C. :  Ph.D.,  Radcliffe,  1952;  solar  physics  and  related  ion- 
ospheric physics;  Ionosphere  Research  and  Propagation  Division,  Sun- 
Earth   Relationships   Section. 

WIEDER,  B.:  Ionospheric  physics,  microwave  interaction  with  plasmas 
and  plasma   RF  radiation;    Radio   Standards  Laboratory,    Radio  Plasma   Group, 

YARGER.    F.    L. ;      Ph.D.,    Ohio   State  University,    I960;    plasma  physics  and 
radio  wave  propagation;    Upper  Atmosphere  and   Space  Physics  Division, 
Upper  Atmosphere  and  Plasma  Physics   Section. 
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II.  S.  DEPARTMENT  OF  COMMERCE 
Luther  H.  Hodges,  Secretary 

NATIONAL  BUREAU  OF  STANDARDS 
A.  V.  Astin,  Director 

THE  NATIONAL  BUREAU  OF  STANDARDS 

The  scope  of  activities  of  the  National  Bureau  of  Standards  at  its  major  laboratories  in  Washington,  U.C.,  and 
Boulder,  Colorado,  is  suggested  in  the  following  listing  of  the  divisions  and  sections  engaged  in  technical  work. 
In  general,  each  section  carries  out  specialized  research,  development,  and  engineering  in  the  field  indicated  by 
its  title.'  A  brief  description  of  the  activities,  and  of  the  resultant  publications,  appears  on  the  inside  of  the 
front  cover. 

WASHINGTON,  D.C. 

Electricity.  Resistance  and  Reactance.  Electrochemistry.  Electrical  Instruments.  Magnetic  Measurements. 
Dielectrics. 

Metrology.  Photometry  and  Colorimetry.  Refractometry.  Photographic  Research.  Length.  Engineering  Metrology. 
Mass  and  Scale.    Volumetry  and  Densimetry. 

Heat.  Temperature  Physics.  Heat  Measurements.  Cryogenic  Physics,  Equation  of  State.  Statistical  Physics. 
Radiation  Physics.  X-ray.  Radioactivity.  Radiation  Theory.  High  Energy  Radiation.  Radiological  Equipment. 
Nucleonic  Instrumentation.    Neutron  Physics. 

Analytical  and  Inorganic  Chemistry.  Pure  Substances.  Spectrochemistry.  Solution  Chemistry.  Standard  Refer- 
ence Materials.    Applied  Analytical  Research. 

Mechanics.  Sound.  Pressure  and  Vacuum.  Fluid  Mechanics.  Engineering  Mechanics.  Rheology.  Combustion 
Controls. 

Organic  and  Fibrous  Materials.  Rubber.  Textiles.  Paper.  Leather.  Testing  and  Specifications.  Polymer  Struc- 
ture.   Plastics.    Dental  Research. 

Metallurgy.  Thermal  Metallurgy.  Chemical  Metallurgy.  Mechanical  Metallurgy.  Corrosion.  Metal  Physics.  Elec- 
trolysis and  Metal  Deposition. 

Mineral  Products.  Engineering  Ceramics.  Glass.  Refractories.  Enameled  Metals.  Crystal  Growth.  Physical 
Properties.    Constitution  and  Microstructure. 

Building  Research.  Structural  Engineering.  Fire  Research.  Mechanical  Systems.  Organic  Building  Materials. 
Codes  and  Safety  Standards.    Heat  Transfer.    Inorganic  Building  Materials. 

Applied  Mathematics.  Numerical  Analysis.  Computation.  Statistical  Engineering.  Mathematical  Physics,  Op- 
erations Research. 

Data  Processing  Systems.  Components  and  Techniques.  Digital  Circuitry.  Digital  Systems.  Analog  Systems. 
Applications  Engineering. 

Atomic  Physics.  Spectroscopy.  Infrared  Spectroscopy.  Solid  State  Physics.  Electron  Physics.  Atomic  Physics. 
Instrumentation.  Engineering  Electronics.  Electron  Devices.  Electronic  Instrumentation.  Mechanical  Instru- 
ments.   Basic  Instrumentation. 

Physical  Chemistry.  Thermochemistry.  Surface  Chemistry.  Organic  Chemistry.  Molecular  Spectroscopy.  Mole- 
cular Kinetics.    Mass  Spectrometry. 

Office  of  Weights  and  Measures. 

BOULDER,  COLO. 

Cryogenic  Engineering.  Cryogenic  Equipment.  Cryogenic  Processes.  Properties  of  Materials.  Cryogenic  Tech- 
nical Services. 

Ionosphere  Research  and  Propagation.  Low  Frequency  and  Very  Low  Frequency  Research.  Ionosphere  Research. 
Prediction  Services.    Sun-Earth  Relationships.    Field  Engineering.    Radio  Warning  Services. 

Radio  Propagation  Engineering.     Data   Reduction  Instrumentation.     Radio   Noise.    Tropospheric  Measurements. 
Tropospheric  Analysis.    Propagation- Terrain  Effects.    Radio-Meteorology.    Lower  Atmosphere  Physics. 
Radio  Standards.    High  Frequency  Electrical  Standards.    Radio  Broadcast  Service.    Radio  and  Microwave  Materi- 
als.   Atomic   Frequency  ana  Time  Interval  Standards.    Electronic  Calibration  Center.    Millimeter-Wave  Research. 
Microwave  Circuit  Standards. 

Radio  Systems.  High  Frequency  and  Very  High  Frequency  Research.  Modulation  Research.  Antenna  Research. 
Navigation  Systems. 

Upper  Atmosphere  and  Space  Physics.  Upper  Atmosphere  and  Plasma  Physics.  Ionosphere  and  Exosphere 
Scatter.    Airglow  and  Aurora.    Ionospheric  Raaio  Astronomy. 
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